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FREE  RADICALS 


Introduction 

1 , 2 , 9 , 10-T e trame thylanthrac  ene  (I)  was  synthesized  in 
1943  (22),  Great  difficulty  was  encountered  in  obtaining  the 
final  product  since  the  compound  possessed  a  great  tendency  to 
combine  with  oxygen  from  the  air  to  form  the  peroxide*  The  con¬ 
clusion  arrived  at  was  that  this  compound  existed  as  an  unstable 
diradical  characterized  by  a  tendency  to  form  a  peroxide  (I,a), 
a  dimer  (l,b)  and  to  undergo  dismtation  (l,c). 


I,b, 
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In  order  to  get  an  insight  into  the  reason  for  the  great 
reactivity  of  1,2,9, 10-te tran®  thylanthracene ,  the  primary  object 
of  the  research  outlined  in  this  thesis  was  to  prepare  1,1,1,2- 
tetraphensyl-2(3-o-«ylyl)  ethane  (II)  and  to  determine  its  11  half  - 
life"  period. 


IV.  V. 

By  comparison  it  was  seen  that  the  free  radical,  obtain¬ 
ed  by  the  dissociation  of  the  pentaaryle thane  II,  had  a  structure 
similar  to  the  diradical  form  of  I.  Therefore,  stability  data 
obtained  for  II  should  be  applicable  to  I.  Great  difficulty  was 
encountered  in  the  preparation  of  II.  Hence  it  was  concluded  that 
the  two  ortho-methyls  exerted  considerable  influence  on  reactions 
involving  the  methane  carbon  atom.  The  question  then  was  whether 
the  two  methyl  groups  exerted  a  similar  effect  when  they  were  in 
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other  locations. 

This  research,  therefore,  expanded  Itself  into  the  pre¬ 
paration  of,  and  determination  of  the  “half-life”  periods  of,  as 
many  pentaaiyle thanes  as  possible,  each  one  containing  a  xylene 
group  in  the  diarylmethyl  radical.  The  compounds  attempted  were 
1 , 1, 1, 2-tetraphenyl-2 ( 4-o-xylyl ) ethane  (ill),  1,1,1,2-te t raphe nyl- 
2 (2-p-xylyl) ethane  (IV),  and  l,l,l,2-tetraphenyl-2(4-m-sylyl)ethane 
(V). 
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Theory  of  Free  Radicals 


I.  History 


Up  to  1900  free  radicals  had  been  discussed  by  such 


workers  as  Lavoisier,  Bunsen,  Frankland,  Cannizzaro  and  Ostwald, 
but  free  radicals  had  not  been  isolated. 


In  1900  Gomberg  (1) (2)  succeeded  in  synthesising  hexa- 


phenylethane.  By  heating  a  benzene  solution  of  triphenylchloro- 
methane  with  silver  he  obtained  a  colorless  solid  with  a  high 
melting-point  and  a  lew  solubility. 


Repeated  analysis,  however,  indicated  the  presence  of  oxygen.  Ety 
running  the  reaction  in  an  atmosphere  of  carbon  dioc;ide,  he  showed 
that  this  oxygen  came  from  the  air.  Under  these  conditions  the 
oxygen  compound  did  not  form  and  evaporation  of  the  solution 
yielded  a  hydrocarbon  whose  composition  corresponded  to  that  of 
hexaphenylethane.  The  compound  absorbed  oxygen,  iodine,  bromine, 
chlorine  readily,  i.e. ,  it  appeared  to  be  unsaturated.  Gomberg 
came  to  the  conclusion  that  he  had  the  free  radical  triphenyl- 
methyl. 


(c6h5)3c-c(c6h5)3  == 


2(06h5)3c- 


Hexaphenylethane  exists  as  such  in  the  solid  state  but  in  solution 
dissociates  into  free  radicals.  The  solution  has  a  faint  yellow 
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color,  and  in  a  short  time  the  color  reaches  its  maximum  inten¬ 
sity  indicating  that  equilibrium  has  been  reached. 

II.  Properties 

Free  radicals  are  neutral  molecules  which,  unlike  ions, 
do  not  possess  a  charge.  The  dissociation  of  a  hexaarylethane  is 
a  non-ionic  process  in  which  the  pair  of  shared  electrons  between 
the  ethane  carbons  are  split,  forming  two  particles,  each  with  an 
unpaired  electron. 

R3C:CR3  2 

The  presence  of  the  odd  electron  gives  the  free  radical  character¬ 
istic  properties. 

(a)  Peroxidation.  Free  radicals  when  allowed  to  stand  in  air 
are  ooddized  by  the  oxygen  in  the  air  to  the  peroxide. 

2  R3C.  -I-  02  - ►  R3COOCR3 

The  extent  of  oxidation  depends  upon  the  stability  of  the  free  rad¬ 
ical.  The  peroxides  are  usually  crystalline,  stable  compounds 
which  may  be  isolated  and  used  as  a  means  of  identifying  the  free 
radical. 

(b)  Dimerization.  Another  characteristic  reaction  of  triaryl- 
methyl  radicals  is  the  irreversible  dimerization  to  an  isomer  of 
the  hexaaryle thane,  e.g.,  a  benzene  solution  of  triphenylmethyl 
when  treated  with  dry  hydrogen  chloride  affords  p-benzohydryltetra- 
phenyl  methane. 


.... 
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2<c6H5>3° - *  WM  hWi 

(c)  Dismutation.  Dismutation  means  that  one  molecule  of  the 
free  radical  becomes  reduced  at  the  expense  of  another  molecule 
which  becomes  oxidized.  When  triphenylmethyl  is  exposed  to  sun- 


The  9-phonylfluorylmethyl,  which  is  formed,  associates  completely 
at  room  temperature  to  give  the  corresponding  liexaaryle  thane. 


(d)  Addition  Reactions.  Oxygen,  chlorine,  iodine,  etc.  are 
absorbed  by  a  solution  of  free  radicals. 

2(c6h5)3c-  +  o2  - >  (o6h5)3cooc(c6h5)3 

2(C6h5)3C  -I-  fc=±  2(C6H5)3CI 

The  absorption  of  iodine  or  oxygen  can  be  used  as  a  measure  of  the 
extent  of  dissociation  of  a  liexaaiyle thane.  Hydrogen  is  absorbed 
in  the  presence  of  platinum  black. 

2(C6H5)3C.  +  HgCPt)  - >  2(C6H5)3CH 

Sodium,  as  sodium  amalgam,  adds  on  to  give  the  intensely  red  tri- 
phe  ny line  thy  Is  odium. 


(C6H5)3C‘  +  Na 


♦  (C6H5)3C!!a 
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(e)  Color.  Free  radicals  are  highly  colored.  This  color  has 
been  attributed  by  Goiaberg  to  the  presence  of  a  quinoid  form  of  the 
free  radical  which  is  in  equilibrium  with  the  benzenoid  form. 

_(fl  Magnetism.  A  triaarylmethyl  radical  contains  an  unpaired 
electron  and  consequently  is  paramagnetic.  This  is  due  to  the  spin 
|  of  the  unpaired  electron.  Therefore,  free  radicals  can  be  defined 
as  compounds  which  possess  magnetically  non-compensated  electrons. 
This  also  serves  as  a  basis  for  the  determination  of  the  degree  of 
dissociation  of  hexaaryle thanes. 

(g)  Amphoterism.  Triaryiraethyls  may  be  classified  as  amphoter¬ 
ic  in  that  the  triarylcarbinols  react  with  mineral  acids  to  give 
ionizable  halochromic  salts.  The  triarylmetlmnes  react  with  sodium 
to  give  triaryiraethyls  odiums  which  yield  triarylmethyl  anions. 

(h)  The  triaryiraethyls  possess  a  number  of  properties  which 
find  their  counterpart  in  the  behavior  of  metals.  Just  as  one 
metal  can  displace  another  from  a  solution  of  its  salt,  so  can  one 
triaiylmethyl  displace  another  from  its  halide,  e.g.,  addition  of 
a  yellow  solution  of  triphenylmethyl  to  a  colorless  solution  of 
phenyl -p-biphenyl-o(naphthylchlorome thane  evokes  the  deep  brown  color 
of  phenyl-p-biphenyl-o(naphthylmethyl. 


Solutions  of  triarylmethyl  radicals  in  liquid  sulfur  dioxide  are 


•  ..  .. . 
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good  conductors  of  electricity*  The  mechanism  involved  is  that 
the  triarylmethyl  radical  gives  up  its  odd  electron  to  the  sulfur 
dioxide  forming  a  cation. 

(C6H5)3C.  - >  (C6H5)3C','+  e 

This  exchange  enables  the  electricity  to  be  carried  through  the 
solution. 

111.  Stability  of  .Eras  .Medicals. 

Several  theories  have  been  put  forward  to  account  for  the 
stability  of  free  radicals. 

(a)  Kharasch  (3)  considered  that  the  electronegativities  of 
the  groups  were  of  paramount  importance  in  causing  dissociation. 
According  to  this  theory,  the  substitution  of  the  hydrogens  of 
ethane  by  more  electronegative  groups  would  result  in  the  displace¬ 
ment  of  the  valence  electrons  away  from  the  central  carbon  atom, 
thus  making  the  radical  weakly  electronegative.  It  was  considered 
that  two  such  weakly  electronegative  radicals  would  not  form  a 
stable  compound.  Therefore,  the  greater  the  electronegativity  of 

a  group,  the  greater  the  dissociation  of  the  substituted  ethane. 

(b)  Resonance.  Pauling  and  V/heland  (4)  put  forward  the  idea 
that  dissociation  is  not  due  to  a  weakening  of  the  carbon-carbon 
ethane  linkage  but  rather  to  the  stabilization  of  the  free  radicals 
through  resonance.  Trlphenylmethyl  may  be  used  as  an  example. 

The  unpaired  electron  in  trlphenylmethyl  can  be  smeared 
over  each  benzene  ring  in  turn. 
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There  are  two  ortho-positions  and  one  para-position  in  each  benzene 
ring  to  where  the  odd  electron  can  move.  Counting  the  three  benzene 
rings  we  have  nine  resonating  forms.  If  the  resonating  double  bonds 
are  taken  into  account  there  are  a  total  of  forty-four  different 
forms.  The  number  of  resonating  forms  for  the  triphenylmethyl 
group  in  the  hexaphenyle thane  is  less  than  forty-four.  So  the  form¬ 
ation  of  triphenylmethyl  is  favored  due  to  its  greater  stability- 
through  resonance.  If  in  place  of  a  phenyl  group  we  put  another 
group  like  p-biphenyl  or  o(. -naphthyl,  the  number  of  resonating  forms 
(involving  a  shift  of  the  odd  electron)  will  be  increased  and  the 
free  radical  will  be  more  stable  than  the  corresponding  hexaaryl- 
e thane.  However,  there  are  certain  groups  which  increase  the 
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stability  of  a  free  radical,  but  not  because  of  increased  reson¬ 
ance,  This  may  be  explained  by  steric  hindrance, 

(c)  Steric  Hindrance,  In  hexaphenylethane  each  of  the  hydro¬ 
gens  of  ethane  have  been  replaced  by  a  phenyl  group.  The  steric 
hindrance  arising  from  these  six  phenyl  groups  is  sufficient  to 
prevent  a  normal  carbon-carbon  bond  from  being  formed,  and  to  pro¬ 
mote  dissociation  into  free  radicals.  Tetraphenylethane,  on  the 
other  hand,  is  quite  stable.  The  steric  hindrance  here  is  not  so 
great,  Pentaphenylethane  would  occupy  an  intermediate  position 
with  regard  to  its  tendency  to  dissociate  into  free  radicals. 

All  of  these  factors,  viz:  resonance,  steric  hindrance 
and  electronegativity  must  be  taken  into  account  when  discussing 
the  stability  of  free  radicals.  Recently,  the  ideas  of  resonance 
and  steric  hindrance  have  been  prominent  with  regard  to  the  stab¬ 
ility  of  free  radicals. 

IV.  Pentaarylethanes . 

Up  to  this  point  the  discussion  of  free  radicals  has 
dealt  with  hexaaryle thane s  only.  Also  important  are  the  pentaaryl- 
ethanes,  about  which  this  thesis  is  concerned. 

The  pentaarylethanes  are  colorless  solids  which  give 
colorless  solutions  at  room  temperature  (5).  However,  when  the 
solution  is  heated  to  80  -  100°  a  yellow  color  appears,  indicating 
that  dissociation  has  taken  place  at  that  elevated  temperature  in¬ 
to  free  radicals.  Thus,  with  regard  to  stability,  the  pentaaryl¬ 
ethanes  occupy  an  intermediate  position  with  respect  to  hexaaryl- 
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ethanes  and  tetraaiyle thanes ,  At  100°  pentaarylethanes  will  absorb 
oxygen,  bromine,  iodine,  etc,  rapidly,  indicating  that  dissociation 
has  taken  place  and  it  is  the  free  radical  which  is  present  in 
solution. 

The  increase  in  stability  of  pentaphenylethane  over  that 
of  hexaphenylethane  may  be  due  to  the  loss  of  one  benzene  ring.  This 
would  decrease  the  steric  effect  and  also  cut  down  on  the  number  of 
resonating  forms  for  the  free  radical,  thus  stabilizing  the  penta¬ 
phenylethane. 

From  a  study  of  the  rate  of  oxygen  absorption  at  80  -  100° 
it  was  established  that  pentaphenylethane  in  solution  undergoes 
dissociation  into  diphenylmethyl  and  triphenylme thyl  radicals  (6). 

(c6h5)3g-ch(c6h5)2 - >  (c6h5)3c-  -v  *ch(c6h5)2 

Even  in  a  colorless  solution  of  pe ntaptenyle thane  this  equilibrium 
exists.  There  is  a  rapid  dissociation  into  free  radicals  which 
recombine,  as  quickly  as  they  are  formed,  into  pentaphenylethane. 

The  treatment  of  pentaaryle thanes  with  oxygen  at  80  -  100° 
results  in  the  formation  of  the  unsymmetrical  peroxides.  This 
oxidation  process  was  shown  by  Bachmann  and  Wiselogle  (6)  to  be 
a  measure  of  the  degree  of  dissociation  of  the  pentaaryle thane , 
l.e.,  the  oxidation  involves  first  the  slow  dissociation  of  the 
pentaaiylethane  into  its  free  radicals  and  then  the  very  rapid  re¬ 
action  of  oxygen  with  the  latter.  Thus  we  have  a  first  order, 
unimolecular  reaction  for  the  oxidation  process. 
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Therefore:  ^  *  k(a  -  x)  where  dx/dt  *  rate  of  reaction. 

k  s  first  order  vel¬ 
ocity  constant* 

(a  -  x)-  concentration  of 
pentaphenylethana 
at  time  t* 

Integrating:  k  « 

=  zL |3.  log(l  -  Z)  where  Z  *  £ 

*  fraction  of  penta- 
phenylethane  reacted 
at  time  t. 

The  value  for  Z  may  be  taken  as  the  ratio  of  the  amount  of  oxygen 
absorbed  at  time  t  to  the  theoretical  amount  absorbed  by  nil  of 
the  pentaaryle thane .  So  by  plotting  t  against  -log(l  -  Z),  draw¬ 
ing  the  best-fitting  straight  line  and  calculating  its  slope,  the 
value  for  k  can  be  determined*  Then  the  "half-life”  period  can 
be  calculated  (t£  *  log  2). 

Bachmann  and  Wiselogle  (6)  adopted  the  above  procedure  for 
determining  the  ”  half-life”  periods  of  some  pentaaryle  thanes. 

It  then  became  apparent  that  if  the  dissociation  process 
was  slow  why  could  not  another  reaction,  in  place  of  oxidation,  be 
used  to  determine  the  rate  of  dissociation.  The  reaction  of  iodine 
with  free  radicals  is  fast,  just  as  the  reaction  of  oxygen  is  with 
free  radicals.  Bachmann  and  Osborne  (7)  developed  a  new  method  for 
determining  the  rate  of  dissociation.  Instead  of  with  oxygen  they 
allowed  the  pentaaryle thanes  to  react  with  iodine. 

The  iodine  was  used  in  a  solution  of  pyridine,  o-dichloro- 
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benzene  and  ethanol.  The  o-diohlorobenzene  acted  as  the  inert 
solvent.  The  ethanol  (absolute)  served  to  convert  the  triphenyl- 
methyl  iodide  to  triphenylmethyl  ethyl  ether  as  fast  as  it  was 
formed.  This  was  necessary  since  the  reaction  of  triphexylmethyl 
and  iodine  to  give  triphenylinethyl  iodide  is  reversible*  The  pyri 
dine  was  present  to  tie  up  with  the  hydrogen  iodide  (produced  in 
the  triphenylme thyl  ethyl  ether  formation)  in  order  to  prevent  it 
from  reacting  with  the  free  radicals.  The  dipheiylraethyl  iodide 
tied  up  with  the  pyridine  to  give  a  quaternary  salt  in  preference 
to  forming  an  ether  by  reaction  with  the  ethanol.  The  following 
reactions  are  those  involved  in  this  iodine  methods 


(c6h5)3c-ck(c6h5)2  — »  (c6h5)3c. +  (C6H5)2CH. 


2(C6H5)3ci 


(C6H5)3CI  +C2H50H  - (C6H5)3COC2H5+HI 


HI 


2(c6h5)?HC-+I2 


2(C6H5)2HCI 


(c6i;5)2hci  +  c5h5h  — ► 


C5H5MC 

ch(c6h5)2 


By  this  procedure  Bachmann  and  Osborn  (7)  found  that  the 


dissociation  of  pentaarylethRr.es  into  free  radicals  was  again  the 
rate-controlling  process,  being  first  order  and  unimolecular. 


'  '  '  '  :  . 
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Therefore,  the  following  formula  applied: 

k  »  Z&sl  log(l  -  Z) 
t 

Where  Z  3  fraction  of  pentaarylethane  dissociated. 

■  ratio  of  iodine  absorbed  at  time  t  to 
the  theoretical  absorption  of  iodine  by- 
all  of  the  pentaarylethane. 

The  values  obtained  for  the  "half-life"  periods  by  the  iodine  re¬ 
action  checked  with  the  values  obtained  by  the  oxygen  reaction. 

Thus  an  easier  method  for  determining  rates  of  dissociation  of 
pentaarylethanes  was  developed. 

Using  this  method  these  workers  proceeded  to  find  out  just 
what  effect  the  replacing  of  phenyl  groups  by  other  groups  had  on 
the  formation  of  free  radicals  from  the  pentaarylethanes.  They 
tried  the  effect  of  a  large  number  of  groups  and  came  to  the  con¬ 
clusion  that  the  groups  could  be  arranged  in  order  of  their  effect¬ 
iveness  in  producing  free  radicals  from  the  pentaarylethanes.  The 
following  list  is  in  order  of  decreasing  effectiveness:  9-phenanthyl, 
oC-naphthyl,  2-fluoryl,  p-biphenyl,  p-anisyl,  p-tolyl,  phenyl. 

Bachmann,  Hoffman  and  Whitehead  (8)  prepared  eighteen  new 
pentaarylethanes  and  thus  obtained  a  more  complete  picture  on  the 
effect  of  various  groups.  Four  phenyl  groups  and  one  aryl  group 
were  present  in  each  of  the  pentaarylethanes. 

The  work  outlined  in  this  thesis  has  to  do  with  the  pre¬ 
paration  and  determination  of  "half -life"  periods  of  four  more 
pentaarylethanes.  The  effectiveness  of  the  different  substituent 
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groups  in  promoting  dissociation  of  pe ntaaryle thane s  into  free 
radicals  can  be  compared  with  the  results  in  the  last  report  by 
Bachmann  and  his  co-workers  (8). 
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It  was  decided  to  test  some  of  the  data  put  forward  by 
Bachmann  and  his  co-workers  (6) (7) (8)*  If  check  results  could  be 
obtained  our  technique  would  be  good  enough  to  give  meaning  to  the 
"half-life n  periods  of  the  four  compounds  synthesized.  The  compound 
chosen  was  pentaphenyle thane . 

I.  Synthesis  of  Pentaphenyle thane . 

The  method  used  by  Bachmann  (5)  was  also  used  here.  Tri- 
phenylcarbinol  was  prepared  by  the  action  of  two  moles  of  bromo- 
benzene  and  magnesium  on  one  mole  of  ethylbenzoate.  This  was  con¬ 
verted  to  triphenylbromome thane  by  the  action  of  acetyl  bromide. 
Benzophenone  was  reduced  to  benzhydrol  using  zinc,  sodium  hydroxide 
and  95$  ethanol.  The  benzhydrol  was  converted  to  diphenylbromo- 
methane  by  the  action  of  a  30%  solution  of  hydrogen  bromide  in 
glacial  acetic  acid,  and  acetyl  bromide.  Then  the  triphenylbromo¬ 
me  thane  was  converted  to  the  triphenylmethylmagnesium  bromide  and 
allowed  to  react  with  diphenylbromome thane.  The  result  was  a  12% 
yield  of  white  platelets  of  pentaphenyle thane,  melting  at  165  - 
178°  with  decomposition. 

II.  Synthesis  of  1 . 1 . 1. 2-Tetranhenvl-2 ( 3-o-xylvl ) ethane . 

A  review  of  the  literature  revealed  that  this  compound 
had  not  been  synthesized  previously.  The  following  series  of  re¬ 
actions  was  decided  upon  to  prepare  the  compound: 
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reduction 
Fe  *  HOAc 


grignard 

benzoyl 

chloride 


CHo  CHo 


c  fe 


< 


9*3  Br 

^Vc- 

_/  6 


The  reduction  of  3-o-nitroxylene  using  iron  and  5%  acetic 
acid  worked  very  nicely  giving  a  good  yield  of  3-o-xylidine.  Then 
just  to  make  certain  that  there  was  no  4-o-xylidine  present  (as  an 
impurity),  the  3*o^ylidine  was  converted  to  the  formyl  derivative 
and  purified  by  recrystallization.  The  formyl  derivative  was  hydro- 
lized  and  the  pure  3-o-xylidine  recovered  with  very  little  loss. 

The  3-o-xylidine  was  diazotized  with  J+8%  hydrobromic 
acid  and  then  allowed  to  react  with  the  cuprous  bromide  in  the  cold. 
The  resulting  3-o-bromaxylene  was  obtained  in  very  poor  yields  ( 27 %) 
(9). 

At  this  point  there  v/ere  two  possibilities  for  preparing 
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2 . 3- dime tkylbenzhydrol •  By  the  first  method  3-o-bromoxylene  was 
converted  to  the  grignard  using  magnesium,  and  this  was  allowed  to 
react  with  freshly  vacuum-distilled  benzaldehyde.  This  reaction 
gave  very  poor  yields,  and  in  some  cases  did  not  yield  any  carbin- 
ol.  Hoc/ever,  when  the  reaction  was  carried  out  at  lowered  temper¬ 
atures  and  hydrolysis  was  affected  by  a  saturated  solution  of 
ammonium  chloride  and  ice,  instead  of  hydrochloric  acid  and  ice, 

44#  yields  of  the  carbdnol  were  obtained. 

By  the  second  method,  3-o-bromoxylene  was  converted  to 
the  grignard  using  magnesium  and  this  was  allowed  to  react  with 
freshly  vacuum-distilled  benzoyl  chloride.  The  resulting  ketone, 

2. 3- dime thylbenzophenone,  was  obtained  in  only  45#  yield.  It  was 
reduced  using  zinc,  sodium  hydroxide  and  95#  ethanol. (10) .  The 

2. 3- dime thylbenzhydrol  obtained  by  this  procedure  was  of  the  same 
quality  as  that  prepared  by  the  benzaldehyde  reaction. 

The  carbinol  was  converted  to  3-o-xylylphenylmethyl  bro¬ 
mide  through  the  action  of  30#  hydrogen  bromide  in  glacial  acetic 
acid,  and  acetyl  bromide,  according  to  the  procedure  of  Bachmann 
(5)*  The  bromo-compound,  on  being  purified  by  vacuum-distillation, 
was  allowed  to  react  with  tripherylmethylsodium  (6).  Some  difficul¬ 
ty  was  encountered  in  the  recrystallizing  of  the  pentaaryle thane • 
This  was  found  to  be  due  to  the  chloroform-ethanol  mijrture  used  in 
the  recrystallization.  When  a  benzene-ethanol  mixture  was  used  the 
pure  1,1,1, 2-te trapheryl-2 ( 3-o-xylyl ) e thane  was  easily  obtained. 
After  drying  in  vacuo  at  100°  until  a  good  check  with  carbon  and 
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hydrogen  analysis  was  obtained,  the  "half -life”  period  was  deter¬ 
mined  according  to  the  procedure  used  by  Bachman  and  his  co-workers 
(7) (8). 


III.  Synthesis  of  1.1.1. 2-Tetraphenvl-2 ( A-o-xylyl) ethane . 

a  review  of  the  literature  revealed  that  this  compound 
had  not  been  synthesized  previously.  The  following  series  of  re¬ 
actions  was  decided  upon  to  make  the  compound: 


PH3 


anhydride  CH' 
Aide 


;=o 

6h 


decarboxylate. 
basic  CuCO-j 


»CHj<  >-C-<  ) 

CH, 


reduction 
A1 


*  isopropoxide 

o 


At  first  an  attempt  was  laade  to  prepare  4-o-bromoxylene. 
This  could  have  been  converted  to  the  grignard  and  then  by  reaction 
with  benzoyl  chloride  to  the  3,4"dimethylbenzophenone. 

Jacobsen  (11)  stated  that  4-o-bromoxylene  could  be  prepar¬ 
ed  by  the  direct  bromination  of  o-xylene.  This  reaction  did  work 
well  but  there  was  some  doubt  as  to  whether  or  not  some  of  the 
3-o-bromoxylene  was  present. 


...... 


. 


' 


. 
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Barnett  and  Marrison  (12)  stated  that  o-3 , 4-dirae thyl- 
benzoylbenzolc  acid  could  be  prepared  free  from  its  isomer  (o-2,3- 
dimetbylbenzoylbenzoic  acid).  So,  o-xylene  was  allowed  to  react 
with  phthalic  anhydride  and  aluminum  ohlorlde  in  nitrobenzene.  The 
resulting  keto-carboxylic  acid  had  a  sharp  melting  point,  163  - 
165°#  The  above  reference  gave  a  melting  point  of  167°.  The  keto- 
carboxylic  acid  was  decarboxylated  using  basic  copper  carbonate 
(13)  •  As  a  result  3 , 4-dime  thy  Ibsnz  ophenone  was  prepared,  and 
melted  at  40  *  43°. 

Elbe  (14)  treated  o -xylene  with  benzoyl  chloride  in  the 
presence  of  aluminum  chloride.  The  resulting  colorless,  thick 
liquid,  which  solidified  in  a  few  days  (m.p.,  47  -  4 3°),  was 
claimed  by  Elbs  to  be  the  3,4-dimethylbenzophenone.  He  gave  no 
experimental  proof  but  came  to  this  conclusion  by  saying  that  this 
reaction  was  similar  to  the  ones  where  phthalic  anhydride  and 
acetyl  chloride  were  used  in  place  of  benzoyl  chloride.  The 
structure  of  the  keto-carboxylic  acid  and  of  the  3 ,4-dimethyl- 
acetophenone  had  been  proven  so  Elbs  came  to  the  conclusion  that 
he  had  the  3,4-dimethylbenzophenone.  There  was  still  some  doubt 
about  this,  therefore,  the  method  followed  was  to  use  phthalic 
anhydride  with  o-xylene  and  decar boxy late  the  resulting  acid. 

Various  attempts  were  made  to  reduce  thi3  ketone  to  the 
3, 4-dime  thy  lbonzhydrol.  The  use  of  zinc  dust,  sodium  hydroxide 
and  95/o  ethanol  (10)  proved  to  be  unsuccessful.  A  second  attempt 
at  reduction  involved  the  use  of  a  2%  sodium  amalgam  and  ethanol 
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(X5) ♦  This  also  proved  to  be  useless*  As  a  last  resort  aluudnum 
isopropoxido  was  used  as  the  reducing  agent  (16) (17)*  This  re¬ 
action  worked  well,  and  as  a  result  3,4^1^thylbenrbydrol  was 
prepared  in  90%  yields*  It  crystallized  out  by  itself  and  had  an 
cup*  ■  48  -  58° • 


The  remainder  of  the  synthesis  of  this  pentaaiylethane 
is  analogous  to  the  synthesis  of  1,1,1, 2-tetraphenyl-2 (3-o-xylyl) - 
ethane,  i*e*,  the  3 ,4-diraethylbenzhydrol  was  converted  to  the 
bromide  through  the  action  of  30%  hydrogen  bromide  in  glacial 
acetic  acid,  and  acetyl  bromide  (5)*  The  4«o-xylylphenylbromo- 
methane  was  converted  to  the  pentaarylethane  by  reacting  with 
triphenylmethylsodlum  (6). 

IV*  Synthesis  of  l*l.l*2-tetraphonv2-2(2-!>-xylyl)ethan9. 

Further  review  of  the  literature  revealed  that  this 
pentaarylethane  had  not  as  yet  been  synthesized.  The  following 
series  of  reactions  was  used  to  prepare  the  compound* 
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Slbs  (24)  first  prepared  2 , S-diinethylbenzophenone  by  the 
action  of  benzoyl  chloride  on  p-xylene  in  the  presence  of  aluminum 
chloride*  Since  there  was  no  possibility  of  isomer  formation  by 
this  reaction,  p-xylene  was  allowed  to  react  with  benzoyl  chloride 
in  carbon  disulfide  with  aluminum  chloride  present.  The  resulting 
ketone  had  a  sharp  boiling  point  but  did  not  solidify. 

By  treatment  of  the  ketone  with  zinc  dust,  sodium  hydroxide 
and  95%  ethanol  (10)  the  2,5-dimethylbenzhydrol  was  prepared.  It 
was  obtained  as  a  white  solid  melting  at  85  -  86° •  This  checked 
very  well  with  Elbs  (14)  who  gave  an  ro.p.  »  88°  by  repeated  re- 
crystallizations  • 

The  remainder  of  the  synthesis  of  this  pe ntaaryle thane  is 
analogous  to  the  synthesis  of  the  first  two*  The  carbinol  was  con¬ 
verted  to  the  2-p-xylylphenylbromomethane  (5)  and  this  was  allowed 
to  react  with  triphenylmethyls odium  (6)  to  give  the  required  pent- 
aaryls thane. 

V.  Synthesis  of  iaa.2-tgtrariwIr2U-m^lyl)Atl]aaa. 

A  review  of  the  literature  revealed  that  this  compound 
had  not  a3  yet  bean  3ynthe3iz3d.  The  following  series  of  reactions 
wa3  used  to  prepare  the  pentaarylethane: 

CHo 
1  j 

diazotize 
HBr"  OftBr 


reduction 

A1 

isopropoocide 


V 


.. 


. 

: 


CH^ 


o- 


53  - 


reduction 

Al 

i30propa3d.de 


rvQ-S-0| 


reduction 
— Al  >  CH; 
isopropoxide 


OE 


/J&  HBr  in 

HOAc  -b 
^acetyl  bromide. 


The  first  attempt  at  preparing  this  pentaarylethane  start¬ 
ed  with  4-m-xylidine*  This  compound  was  changed  into  4-m-bromo- 
xylene  by  first  diazotizing  with  48%  hydrobromic  acid  and  then 
treating  with  cuprous  bromide  in  the  cold  (9)*  Again  the  yields 
were  very  poor*  The  4-m-bromoxylene  was  converted  to  the  grignard 
using  magnesium  and  then  allowed  to  react  with  benzoyl  chloride. 

The  2, 4-dime thylbenzophenone  was  obtained  in  only  40,^  yield.  An 
attempt  was  then  made  to  reduce  the  ketone  to  2, 4-dime thylbenzhydrol 
using  zinc  dust,  sodium  hydroccido  and  95%  ethanol  (10).  No  carbinol 
was  obtained  so  this  method  was  abandoned. 

Elbs  (14)  prepared  2, 4-dime thylbenzophenone  through  the 
action  of  benzoyl  chloride  on  m-xylene  in  the  presence  of  aluminum 
chloride*  However,  he  was  not  able  to  prove  its  structure.  In¬ 
stead  he  assumed  that  the  ketone  was  2,4-dimethylbenzophenone  by 
analogous  reactions  of  phthalic  anhydride  and  acetyl  chloride  with 
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ia»xylen©.  The  koto-carboxylic  acid  and  the  2, 4-dime thylaceto- 
phenone  had  their  structures  proven.  Therefore  he  can©  to  the 
conclusion  that  he  had  the  2 ,4“dime thylbenaophenone • 

m-Xylene  was  allowed  to  react  with  freshly  vacuum-distill¬ 
ed  benzoylehloride  in  carbon  disulfide  in  the  presence  of  aluminum 
chloride.  The  resulting  ketone  was  obtained  in  goal  yield. 

The  2 , 4-dirae thylbenz ophenone  was  reduced  to  the  2,4- 
dime  thy  lbenzhydrol  using  aluminum  isopropoodde  as  a  reducing  agent 
(16).  This  reaction  worked  well  and  as  a  result  3,4-dimethyl- 
benzhydrol  was  obtained  in  87 %  yield.  The  carbinol,  according  to 
Elbs  (14)  was  difficult  to  crystallize.  Finally  he  was  able  to 
obtain  a  solid  which  melted  at  57°.  This  reaction  yielded  an  oil 
which  did  not  solidify  but  only  became  opaque  and  viscous. 

The  remainder  of  the  synthesis  of  this  pentaarylethane  is 
analogous  to  the  synthesis  of  1 , 1 , 1 , 2 -te trapheny 1-2 ( 3 -o-xylyl ) e thane , 
l.e.,  the  2,4-dimethylbenzhydrol  was  converted  to  the  bromide 
through  the  action  of  30%  hydrogen  bromide  in  glacial  acetic  acid, 
and  acetyl  bromide  (5).  The  4~m-xylylphenylbromome thane  was  con¬ 
verted  to  the  pentaarylethane  by  reacting  with  triphenylme tbyls  odium 
(6). 

Once  the  pentaarylethane s  were  synthesized,  their  "half- 
life"  periods  were  determined  using  the  method  of  Bachmann  and 
Osborne  (7). 

Pentaphenylethane  was  used,  to  test  the  data  put  forward 
by  Bachmann  and  his  co-workers  (7) (8),  and  also  to  become  acquaint- 
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ad  with  the  procedure  employed.  Five  determinations  were  made  and 
the  following  "half-life"  periods  were  obtained  (Table  l). 

The  first  three  runs 


Run  Ho. 

"Half -life"  Period  (min.) 

1 

58.7 

2 

48.4 

3 

53.1 

4 

55.4 

5 

56.4 

Table  1  -  "Half-life"  period,  penta- 
phenylethane . 


were  considerably  dif¬ 
ferent  from  the  value 
obtained  by  Bachmann 
(56.0  min.).  However, 
as  the  technique  im¬ 
proved,  the  results 
obtained  checked  very 
well  with  that  of  Bach¬ 


mann.  Run  4  is  shown  on  Graph  I,  with  a  "half-life"  period  of 
55*4  minutes. 

1,1,1, 2-Tetraphenyl-2 ( 3-o-xylyl) ethane  was  the  next  pent- 
aaryle thane  examined.  Sight  runs  were  carried  out  and  the  "half- 
life"  periods  are  shown  in  Table  2.  In  runs  1,  2  and  3  the  reaction 
period  went  up  to  ten  minutes.  Two  lines  were  obtained  in  run  2 
with  the  same  slope  but  displaced  from  each  other.  In  run  3  two 
lines  were  obtained  with  different  slopes.  The  first  few  points 
gave  a  line  with  a  steeper  slope,  and  therefore  a  shorter  "half- 
life"  period,  than  the  last  few  points.  Bachmann  and  Osborne  (7) 
determined  the  "half-life"  period  of  pentaphenylethane  at  various 
temperatures.  At  94*9° they  obtained  a  "half-life"  period  of  11.4 
minutes.  From  their  graph  it  was  seen  that  the  reaction  lasted 
only  six  minutes.  Therefore,  it  was  decided  to  keep  the  reaction 


« 
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period  for  1, 1,1,2- 
te  traphenyl-2  ( 3 -o-xylyl )  - 
ethane  down  to  five 
minutes,  since  its 
"half-life"  period  was 
quite  short.  In  run  4 
the  reaction  period 
lasted  up  to  five  min¬ 
utes  and  a  straight 
line  was  the  result. 

Table  2  -  "Half-life"  period  1,1, 1,2-  In  run  5  the  samples 

tetraphenyl-2 (3-o-xylyl ) ethane . 

were  allowed  to  react 

for  periods  of  time  varying  from  six  to  ten  minutes.  From  these 
results  the  conclusion  was  drawn  that  the  reaction  should  be  allow¬ 
ed  to  run  for  only  five  minutes.  A  new  batch  of  the  pentaarylethane 
was  prepared,  but  the  carbon  content  was  1%  too  lav.  Run  6  gave  a 
high  result  with  this  batch.  By  recrystallization  the  carbon  con¬ 
tent  was  %  too  low,  and  the  "half-life"  period  (run  7)  was  still 
higher.  In  run  8  the  same  batch  of  pentaarylethane  had  been  dried 
for  a  long  time  and  the  carbon  content  brought  up  so  that  it  was 
only  0.6^  low.  The  value  obtained  was  again  high.  Before  drawing 
conclusions  from  these  values,  some  more  of  the  pentaarylethane  was 
prepaired  with  care. 

In  the  meantime,  "half-life"  periods  were  run  on  the 


Run  No. 

"Half -life"  Period  (min.) 

1 

14.3 

2 

13.1  13.1 

3 

12.8  15.1 

4 

13.1 

5 

18.2 

6 

14.3 

7 

16.4 

8 

15.3 

three  other  pentaarylethanes 


i 
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Less  difficulty  was  encountered  in  the  determination  of 
the  "half -life'1  period  of  1,1,1, 2-tetraphenyl-2 ( 4-o-aylyl)  ethane , 
Four  runs  were  made,  the  "half-life”  periods  of  which  are  shown  in 

Table  3. 

In  runs  1,2  and  3  the 
reaction  period  went 
up  to  five  minutes, 
while  in  the  last  run 
it  went  up  to  ten  min¬ 
utes.  The  value  ob- 

Table  3  “  '’Half-life"  ^eriod,  1,1, 1,2-  tained  in  run  2  (49.6 

tetraphenyl-2(4-o-xylyl)  ethane 

min.)  can  be  disregard¬ 
ed.  A  very  erratic  graph  was  obtained,  due  probably  to  the  fact 
that  the  temperature  control  broke  down  and  the  temperature  varied 
considerably.  The  values  obtained  in  runs  1,  3  and  4  checked  very 
nicely.  Run  4  is  shown  on  graph  III.  The  average  of  runs  1,  3 
and  4  was  taken  as  the  final  value  for  the  "half -3 if e"  period. 

The  "half -life”  period  of  1,1,1, 2-tetraphenyl-2(2-p-xylyl)- 
ethane  was  obtained  by  making  two  runs.  The  values  were  15*1  min. 
and  15.7  min.  Because  the  "half-life"  periods  were  so  short  the 
reaction  period  went  up  to  only  five  minutes.  The  first  run  is 
shown  on  Graph  IV.  The  average  of  the  first  and  second  runs  was 
taken  as  the  final  value  for  the  "half -life"  period. 

The  "half -life"  period  of  l,l,l,2-tetraphenyl-2(4-m-xylyl)- 
ethane  was  also  obtained  with  comparative  ease.  The  first  two  runs 


Run  Ho. 

"Half -life"  Period  (min.) 

1 

46.5 

2 

49.6 

3 

47.6 

4 

46.9 

. 
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gave  results  which  checked  within  the  5%  experimental  error  of 
Bachmann.  The  values  obtained  were  20,4  min.  and  21.0  min.  The 
average  of  the  two  was  taken  as  the  final  value  for  the  "half- 
life"  period.  The  curve  obtained  in  the  second  run  is  shown  in 
Graph  V. 

Some  more  1, 1, 1, 2-tetra  phenyl-2  (3-o-xylyl)  ethaiie,  which 
was  very  pure  according  to  a  carbon-hydrogen  analysis,  was  prepar¬ 
ed.  Two  determinations  were  made  with  the  following  results*  run 
9,  13.4  min. 5  run  10,  13.6  min.  Graph  II  shows  the  curve  obtained 
in  run  10.  These  two  values  checked  very  well  with  each  other  and 
also  with  the  value  obtained  in  run  4  (13.1  min.).  The  average  of 
runs  4#  9  and  10  was  taken  as  the  final  value  for  the  "half-life" 
period. 

The  pentaarylethanes  and  their  rate  constants  (average) 
and  their  "half-life"  periods  (average)  are  shown  in  Table  4* 


. 
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Table  4 

Rate  Constants  and  "Half -life"  periods  of 

(Arranged  in  order  of  decreasing  rate  of  dissociation) 

(c6h5)3c^h(c6h5)r 

Temp*,  80°  * 


Aryl  Group 

R 

Rate  Constant 
k 

"Half -life "Period 
t|.  (min.) 

3-o-xylyl 

0.0517 

13*4 

2-p-xylyl 

0.0450 

15*4 

4-m-xylyl 

0.0334 

20.7 

4-o-xylyl 

0.0147 

47.0 

phenyl  (a) 

0.0124 

56.0 

(a)  Determined  by  Bachmann  and  Osborne  (7)* 


From  the  results  in  Table  4  it  was  seen  that  the  shifting 
of  the  two  methyl  groups  to  different  locations  on  the  one  benzene 
ring  resulted  in  varying  degrees  of  influence  on  reactions  involv¬ 
ing  the  methane  carbon  atom* 

The  short  "half -life"  period  of  1,1,1,2-tetraphenyl- 
2- (3-o-ocylyl) ethane  substantiated  the  extreme  reactivity  of 
1,2,9, 10-te trame thylanthracene  (I). 


-  30 


Experimental  Procedure 

All  melting  points  and  boiling  points ,  unless  otherwise 
indicated,  were  uncorrected.  Carbon-hydrogen  analyses  were  per¬ 
formed  by  J.  C.  ifichol  using  the  semi-micro  apparatus  of  ITiederl 
and  Niederl  (18)* 

I *  Pentaphenylethane . 

The  procedure  followed  for  the  synthesis  of  pentaphesyl- 
e thane  was  the  same  as  that  used  by  Baehmaim  (5)*  The  pentaphsnyl- 
e thane  was  obtained  in  colorless  plates  by  recrystallisation  from 
a  chloroform-ethanol  mixture;  m*p. ,  165  -  178°  dec*  in  air;  yield, 
70$. 

II*  1*1*1  *  2-Tetraphenvl-2  ( 3-o-:-crlvl )  ethane « 

(a)  3-o-Xylidina  (19). 

3-o-Nitraxylene  (80  g.)  was  added,  5  cc*  at  a  time,  with 
constant  shaking  to  200  g.  of  iron  and  325  cc.  of  5$  acetic  acid 
contained  in  a  2  liter  flask  fitted  with  an  air  condensor.  This 
mixture  was  heated  on  a  water-bath  for  three  hours,  made  alkaline 
with  sodium  hydroxide  and  steam-distilled.  The  distillate  was  ex¬ 
tracted  with  benzene  and  dried  over  sodium  sulfate.  The  benzene 
was  removed  by  distillation  and  the  3-o-xylidine  obtained  as  a 
clear,  orange-colored  oil  boiling  at  223° J  yield,  80$. 

(b)  Purification  of  3-o-^lidine,.l9l. 

3-o-Xylidine  (75  g.),  35  cc.  of  formic  acid  and  125  cc. 
of  water  was  heated  on  a  water-bath  for  four  hours.  On  cooling. 
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the  formyl  derivative  solidified.  It  was  filtered  by  suction  and 
washed  well  with  water.  It  was  purified  by  recrystallization  from 
ethanol  and  then  hydrolized  with  an  alcoholic  potassium  hydroxide 
solution.  The  ethanol  was  distilled  over  and  the  3-o-xylidine 
obtained  free  of  base  by  steam  distillation.  The  distillate  was 
extracted  with  benzene.  The  3-o-xylidine  was  distilled  at  215  - 
221°  (686  mm.). 

(c)  3-o-Bromoxylene. 

The  hydrobromic  acid  salt  of  3-o-xylidine  was  prepared 
by  heating  22  g.  of  3-o-xylidine,  50  cc.  of  water  and  100  cc,  of 
48$  hydrobromic  acid  until  all  was  in  solution.  This  was  cooled 
quickly  with  stirring  to  0  -  5°.  Sodium  nitrite  (13*5  g.)  in  25 
cc.  of  water  was  added  slowly,  keeping  the  temperature  below  5°. 

Copper  turnings  (5*8  g.),  cupric  bromide  (20*3  g. ), 

48$  hydrobromic  acid  (75  cc.)  and  200  cc.  of  water  had  been  re¬ 
fluxed  until  the  solution  was  almost  colorless  or  only  a  faint 
yellow  (5  hours). 

The  cuprous  bromide  solution  was  cooled  to  0  -  5°  and 
the  above  diazonlum  salt  added.  The  mixture  was  kept  in  an  ice- 
bath  for  fifteen  minutes,  at  room  temperature  for  two  hours  and 
in  hot  water  for  thirty  minutes.  Yftten  the  red  precipitate  had 
become  oily  and  had  sunk  to  the  bottom,  the  mixture  was  steam- 
distilled.  The  distillate  was  made  alkaline  with  sodium  hydroxide 
and  steam  distilled  again.  The  final  distillate  was  extracted 
with  benzene  which  was  then  dried  over  sodium  sulfate.  The  3-o- 
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broraotxylene  (27%  yield)  boiled  at  211  -  215°. 
ldl_2,t3>Dimethylbenghydrol. 

3-o-BromoKylone  (10  g.),  1,5  g*  of  magnesium,  10  cc.  of 
ether  and  10  cc,  of  benzene  was  placed  in  a  tightly  stoppered 
flask  with  a  crystal  of  iodine  to  initiate  the  reaction.  The  re- 
i  action  was  allowed  to  proceed  at  room  temperature  for  two  to  three 
days.  The  grignard  solution  was  then  decanted  from  the  excess 
magnesium,  5  cc.  of  benzaldehyde  was  added  to  the  cold  solution 
and  washed  in  with  25  cc,  of  ether. 

At  this  point  three  such  solutions,  after  sitting  over¬ 
night  at  room  temperature  in  tightly  stoppered  flasks,  were  com¬ 
bined.  Hydrolysis  was  affected  with  a  saturated  solution  of 
ammonium  chloride  in  ice  and  water.  The  benzene  layer  was  washed 
with  saturated  solutions  of  sodium  bisulfite,  sodium  bicarbonate 
and  finally  with  water,  and  then  dried  over  sodium  sulfate.  The 
solvents  were  removed  by  distillation  at  atmospheric  pressure.  The 
carbinol  was  obtained  as  a  lemon  yellow  oil  boiling  at  161  -  166° 

(2  mm. )  y  yield,  44*%?  m.p. ,  64  *  70®, 

Anal.  Calc'd.  for  C^H^O:  C,  84*9j  H,  7.6. 

Found*  C,  84.45  H,  7.9. 

The  benzaldehyde  used  was  specially  prepared.  First, 
some  ordinary  benzaldehyde  was  shaken  with  a  saturated  solution  of 
sodium  bicarbonate  until  effervescence  stopped.  Then  it  was  dried 
over  sodium  sulfate  and  finally  vacuum-distilled,  a  middle  fraction 
being  collected.  It  was  used  directly  after  distillation. 


-  33  - 


M  3-o-^JjlBhenyljaethyl  Bromide  (5). 

2,3-Dimethylbenzbydrol  (10,5  g.)  and  43  cc.  of  30$  hydro¬ 
gen  bromide  in  glacial  acetic  acid  was  heated  on  a  water-bath  for 
two  hours.  After  cooling  slightly,  8  cc,  of  acetyl  bromide  was 
added,  and  the  mixture  was  heated  two  hours  more  on  a  water-bath. 

It  was  allowed  to  sit  at  room  temperature  overnight.  The  solvents 
were  removed  by  distillation  under  reduced  pressure  and  the  bromide 
purified  by  distillation  under  reduced  pressure*  b.p.,  138  -  164° 

(3  mm.) 5  yield,  7($, 

(f) 

To  45  g*  of  molten  sodium  under  xylene  in  a  250-cc. 
Erlenmyer  flask  55  g«  of  mercury  was  added  slowly  through  a  pin¬ 
point  hole  in  a  folded  filter -paper.  After  the  flask  had  cooled 
to  room  temperature  the  amalgam  was  pipetted  out  carefully  and 
placed  under  50  cc,  of  benzene  and  50  cc.  of  ether  in  a  glass- 
stoppered  bottle. 

To  this  amalgam  in  a  500  cc.  glass -stoppered  bottle  was 
added  9  g,  of  triphenylchlorome thane.  The  bottle  was  sealed  with 
special  stop-cock  grease  (20),  cooled  in  an  ice-bath  and  shaken  by 
hand.  The  red  color  of  tr iphenylme thyls od iun  appeared  almost  at 
once.  The  bottle  was  kept  in  an  ice-bath  for  one  to  two  hours  and 
then  allowed  to  stand  at  room  temperature  for  one  day.  The  sodium 
amalgam  was  frozen  by  immersing  the  bottle  in  an  ice-salt  bath 
and  9  g.  of  3-o-xyly Iphenylme thyl  bromide  quickly  added.  The  in¬ 
tense  red  color  disappeared  almost  immediately.  The  solution  was 
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decanted  from  the  sodium  amalgam  and  benzene  used  to  wash  the  latter* 
-he  benzene  layer  was  hydrollzed  with  ice,  water  and  hyd. roc hloric 
acid,  washed  well  with  water  and  dried  over  sodium  sulfate.  To 
the  dry  benzene  solution  was  added  sufficient  ethanol  to  cause  the 
pentaaiylethane  to  precipitate.  The  crystals  were  washed  well 
with  alcohol  and  dried  in  vacuo  at  100°  until  a  carbon-hydrogen 
analysis  indicated  no  solvent  of  crystallization  present.  A  63$ 
yield  of  white  crystals  of  the  pentaaiylethane  v/as  obtained;  m.p., 

171  -  183°  dec  in  air. 

Anal.  Calc*d.  for  C^E^t  C,  93.09;  H,  6.91. 

Found*  C,  92.92;  H,  7.22. 

III.  1.1.1, 2- Te  tra.phenyl-2 ( A-o-xvlvl) ethane . 

,'cid  £L2.)„* 

o-Xylene  (50  g*),  phthalic  anlydride  (64  g.)  and  nitro¬ 
benzene  (300  cc.)  was  stirred  for  thirty  minutes  and  then  157  g. 
of  aluminum  chloride  was  slowly  added  over  a  period  of  one  and  a 
half  hours.  The  mixture  was  allowed  to  sit  overnight  at  room 
temperature,  and  in  the  morning,  heated  on  a  water-bath  at  60  - 
65°  for  two  hours.  Hydrolysis  was  affected  with  two  liters  of 
ice  and  hydrochloric  acid.  The  oily  solid  was  washed  by  decantat¬ 
ion,  dissolved  in  sodium  hydroxide  solution  and  steam-distilled* 

The  residue  was  cooled,  acidified  with  hydrochloric  acid  and 
allowed  to  sit  overnight*  In  some  cases  when  a  lot  of  tar  was 
present  the  alkaline  residue  was  e:rfcracted  with  benzene.  The 
aqueous  layer  was  then  made  acid  and  allowed  to  sit  overnight  in 
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the  ice-box.  The  solid  was  recrystallized  from  ethanol;  m.p., 

161  -  164°;  yield,  11%. 

(b)  3.4-Dlmethvlbenzophenone  (13). 

o-3 ,4-Dime thylbenzoylbenzoic  acid  (49  g.)  was  heated 
with  a  free  flame  in  a  125-cc.  Claisen  dis  tilling-f  lasT:  to  200° 
to  eliminate  all  moisture.  A  thermometer  was  in  the  molten  acid. 
The  acid  was  cooled  and  1  g.  of  basic  copper  carbonate  was  added. 
The  mixture  was  heated  rapidly  to  265°,  using  a  salt-bath,  and 
kept  at  temperature  until  no  more  carbon  dioxide  was  evolved. 

After  fifteen  minutes  the  heat  was  removed  and  the  flask  set  up 
for  a  vacuum  distillation.  The  3,4-dimethylbensophenone  boiled 
at  165  -  166°  (3  mm.);  yield,  63$# 

The  basic  copper  carbonate  was  prepared  in  the  follow¬ 
ing  manners  sodium  carbonate  (17.6  g.)  was  mixed  with  an  aqueous 
solution  of  16  g.  of  copper  sulfate,  heated  and  then  cooled.  The 
green  precipitate  was  filtered  and  air-dried. 

(c)  3.4-DimethylMnzhgdrQ.l  (161. 

Aluminum  wire  (2.4  g.)  was  refluxed  with  100  cc.  of  iso¬ 
propyl  alcohol  (distilled  from  sodium)  until  all  the  aluminum  had 
gone  into  solution.  A  pinch  of  mercuric  chloride  was  used  as  a 
catalyst.  The  isopropyl  alcohol  was  distilled  off.  3,4-Dimethyl- 
benzophenone  (13.5  g#)  in  100  cc.  of  dry  toluene  was  added  and  the 
mixture  refluxed  for  four  hours.  Isopropyl  alcohol  (distilled 
from  sodium)  (50  cc.)  was  added  and  fractionally  distilled  over  a 
period  of  one  hour  using  a  Snyder  column.  The  fractional  distill- 
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ation  was  repeated  with  another  50  cc,  of  isopropyl  alcohol.  The 
residue  was  hydrolized  with  ice  and  sulfuric  acid  and  dried  over 
sodium  sulfate*  The  solvents  were  removed  under  reduced  pressure* 
The  3 , 4-din®  thylbenzhydrol  boiled  at  164  -  16 8°  (2  mra*);  yield, 
90%;  m.p.,  48  -  5S°, 

Ld^rQri-ylylphenYlmethT-l  Bromide  (5). 

The  procedure  followed  was  the  same  as  in  the  prepar¬ 
ation  of  3~o-xylylphenylme thyl  bromide*  The  bromide  was  purified 
by  distillation  under  reduced  pressures  b.p*,  187  -  188°  (8  mm*)s 
yield,  70$, 

(e)  1 * 1 « 1 * 2 -le trapheny 1-2 ( 4-o-xy ly 1 ) ethane  . (6). 

The  procedure  followed  was  the  same  as  for  the  prepar¬ 
ation  of  l,l,l,2-tetraphenyl-2(3-o-xylyl)ethane*  Due  to  the 
greater  solubility  of  this  compound  it  was  necessary  to  remove 
the  benzene  by  distillation  in  vacuo  and  then  to  recrystallize 
from  a  benzene-methanol  mixture*  The  compound  was  dried  in  vacuo 
at  100°  until  a  carbon-hydrogen  analysis  indicated  no  solvent  of 
crystallization  present*  A  60,  yield  of  slightly  yellow  crystals 
of  the  pentaarylethane  was  obtained;  m*p*,  I64  -  178°  dec.  in  air. 

Anal.  Calc*d.  for  C^H^i  C,  93*09;  H,  6*91. 

Found:  C,  93*07;  H,  7*00* 

IV.  1.1.1.2-IetrapheOTl-2(2-p-xy]j:l).athsne.. 

(a)  2.5-Dirothylbonzophenope  (21). 

To  72  g*  of  p-xylene,  94  g*  of  freshly  vacuum-distilled 
benzoyl  chloride  and  200  g*  of  carbon  disulfide  was  added  100  g* 
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of  finely  pondered,  aluminum  chloride  over  a  period  of  one  and  a 
quarter  hours*  The  mixture  was  allowed  to  sit  overnight  at  room 
temperature,  and  in  the  morning  was  refluxed  for  five  hours* 
Hydrolysis  was  affected  by  pouring  the  solution  into  1  liter  of 
ice  and  200  cc.  of  concentrated  hydrochloric  acid*  The  carbon  di¬ 
sulfide  was  removed  by  steam  distillation  and  the  residue  extracted 
with  benzene.  The  benzene  solution  was  washed  with  sodium  bicarbon¬ 
ate  and  water  and  dried  over  sodium  sulfate.  The  benzene  was  dis¬ 
tilled  at  atmospheric  pressure.  The  2 , 5~dime thylbenzophenone 
boiled  at  161  -  164°  (4  ram.)*  yield,  77$. 

(bl  2,*5rl)iixthylbenghvdr.ol_ilQiCa/>i*L 

2, 5-Dime thylbenzophenone  (110  g.),  sodium  hydroxide 
pellets  (110  g.)  and  95$  ethanol  (1100  cc.)  was  refluxed  until  the 
solution  became  dark  brown  in  color  (one  hour)*  Sine  dust  (110  g.) 
was  added  over  a  period  of  thirty  minutes,  and  the  mixture  was 
refluxed  until  the  solution  was  a  faint  yellow  (two  and  a  half 
hours).  The  mixture  was  cooled,  the  zinc  dust  removed  by  suction 
filtration  and  the  filtrate  poured  into  3  liters  of  ice  and  water 
plus  300  cc.  of  concentrated  hydrochloric  acid.  The  precipitate 
was  recrystallized  from  ethanolj  yield,  96$,  m,P»  *  &5  -  86°. 

(c)  2-p-XylvlDhenylmetb.Yl  bromide  (.2).. 

The  procedure  followed  was  the  same  as  in  the  prepar¬ 
ation  of  3 -o-xy 2y lphexy Ime thyl  bromide.  The  bromide  boiled  at 
187  -  189°  (13  mm.  )j  yield,  85$.  It  was  used  at  once,  without 
analysis  for  bromine,  in  the  preparation  of  the  pentaaryle thane. 
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14).  .1 1 It  1-t.^r Te traphenyl-2 (2-p-xy lvl ) ethane  (6). 

The  procedure  followed  was  the  sane  as  for  the  prepar¬ 
ation  of  l,l,l,2-tetraphenyl-2(3-o-xylyl)ethane.  This  pentaaiyl- 
ethane  was  recrystallized  from  a  benzene -ethanol  mixture*  After 
two  recrystallizations  a  50£  yield  was  obtained.  The  crystals 
were  dried  in  vacuo  at  100°  until  a  carbon-hydrogen  analysis 
showed  no  solvent  of  crystallization  to  be  present}  n.p. ,  168  - 
179°  dec.  in  air. 

Anal.  Calc'd.  for  C^H^s  C,  93.09}  H,  6.91. 

Found:  C,  92.60}  H,  7.10. 

Sa  9 thane . 

Igl-g^-Dlnethylbenzophenone  (14) . 

To  84  g.  of  m-xylene,  77  cc.  of  benzoyl  chloride  and 
150  cc.  of  carbon  disulfide  was  added  100  g.  of  finely  powdered 
aluminum  chloride  over  a  period  of  one  hour.  The  mixture  was 
allowed  to  stand  overnight  at  room  temperature  and  then  refluxed 
for  four  and  a  half  hours.  Hydrolysis  was  affected  by  pouring  the 
mixture  into  1  liter  of  ice  and  hydrochloric  acid.  The  carbon  di¬ 
sulfide  was  removed  by  a  steam  distillation,  and  the  residue  ex¬ 
tracted  with  benzene.  The  benzene  solution  was  washed  with  sodium 
bicarbonate  and  water  and  dried  over  sodium  sulfate.  The  benzene 
was  distilled  at  atmospheric  pressure.  The  2, 4-dime  thylbenzophen- 
one  boiled  at  150  -  152  °(2  mm.)}  yield,  89% • 

(b)  2 .4-Dime thy lbenzhydrol  .O.QlCL4)_., 


The  procedure  followed  was  the  same  as  in  the  preparat- 
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ion  of  3*4^iE©thylbenzhydrol.  The  2 ,4-diraethylbenzhydrol  boiled 
at  166  -  167°  (3  mm*);  yields  87$.  The  oil  did  not  solidify  but 
finally  became  opaque. 

Icl  ,.4-m~Xylyll)henyliaQthyl  Bromide  ( 5 ) . 

The  procedure  followed  was  the  same  as  in  the  prepar¬ 
ation  of  3-CKxylylphenylmethyl  bromide.  The  bromide  boiled  at  184 
189°  (11  mm.) 5  yield,  75%*  It  was  used  at  once,  without  analysis 
for  bromine,  in  the  preparation  of  the  pentaaryle thane. 

The  procedure  followed  was  the  same  as  in  the  prepar¬ 
ation  of  l,l,l,2-tetrapheryl-2(3-o-xylyl)ethane.  The  pentaaryl- 
ethane  was  recrystallized  twice  from  a  benzene-ethanol  mixture, 
and  dried  in  vacuo  at  100°  until  a  carbon-hydrogen  analysis 
showed  no  solvent  of  crystallization  to  be  present;  yield,  35%$ 
m.p.,  171  -  183°  dec.  in  air. 

Anal.  Galc*d.  for  C34H30*  C,  93.09;  H,  6.91 
Found*  C,  92.53}  H,  7.19. 

VI.  Fate  Measurements..  (7). 

The  iodine  solution  was  made  up  by  adding  o-dichloro- 
benzene  to  a  solution  of  6.5  g.  of  iodine  in  32.5  cc.  of  pyridine 
until  the  total  volume  was  500  cc. 

The  sodium  thiosulfate  solution  was  made  slightly 
stronger  than  0.1  N  so  that  it  would  be  strong  enough  to  react 
with  all  of  the  iodine  originally  present  in  the  organic  iodine 


solution, 
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The  aqueous  iodine  solution  was  made  up  to  0,1  If  in 
strength  and  standardized  against  arsenious  oxide. 

The  samples  (0.1025  g,  each)  of  pentaarylethane  were 
weighed  into  glass  vials,  12  nan,  deep  and  8  mm.  in  diameter,  hav¬ 
ing  flat  bottoms.  Ten  cubic  centimeters  of  the  organic  iodine 
solution  and  1  cc.  of  absolute-  alcohol  were  placed  in  a  125-ce. 
Erlennyer  flask  bearing  a  glass  stopper.  The  flask  was  suspend¬ 
ed  in  an  oil  bath  kept  at  80°  to  within  0.1°.  The  vial  contain¬ 
ing  the  sample  of  pentaarylethane  was  then  lowered  in  an  upright 
position  into  the  Erlemcyer  flask  by  means  of  forceps  and  allowed 
to  float  on  the  surface  of  the  organic  solution  of  iodine.  The 
flask  after  being  stoppered  loosely  was  allowed  to  reach  the 
temperature  of  tho  bath,  for  which  ten  minutes  proved  to  be  suf¬ 
ficient.  The  vial  was  then  tipped  over  by  swirling  the  flask,  a 
stop-watch  being  started  at  this  time.  When  the  desired  interval 
of  time  had  elapsed,  the  flask  was  removed  from  the  bath  and 
immersed  in  ice-water,  the  watch  being  stopped  at  this  point. 

The  flask  was  kept  in  the  ice  water  for  one  minute  and 
then  10  cc.  of  the  sodium  thiosulfate  solution  added.  The  solution 
was  well  mixed  for  half  a  minute,  the  sides  of  the  flask  washed 
down  with  50  cc.  of  water  and  the  excess  sodium  thiosulfate 
titrated  with  the  standardized  0.1  N  solution  of  iodine.  From 
the  volume  of  this  standard  iodine  solution  needed  to  give  the 
end-point  with  starch  (3  cc.  of  a  1$  solution)  was  subtracted  the 
volume  of  iodine  solution  required  to  give  the  end-point  to  a 
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blank.  The  latter  was  run  with  all  of  the  reagents  present  ex¬ 
cept  the  pentaarylethane  in  exactly  the  same  manner  as  the  regular 
run.  The  difference  was  the  volume  of  0.1  N  iodine  which  reacted 
with  the  radicals  formed  by  dissociation  of  the  pentaarylethane. 

Knowing  the  concentration  of  the  standardized  iodine 
solution,  the  volume  theoretically  absorbed  by  0.1025  g.  of  the 
pentaarylethane  was  calculated.  Calculations  were  then  carried 
out  and  values  for  t  plotted  against  -log(l  -  Z).  The  best¬ 
fitting  straight  line  was  drawn,  its  slope  determined,  and  the 
" half-life "  period  calculated.  In  Table  5«  are  shown  typical 
data  obtained  in  a  representative  experiment. 
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Table  5* 

fiffitefiLPfttft  Ofrfcataflfl  in  a.  representative  I&neriment 

Wt,#  1,1, 1, 2-T  e traphenyl-2 ( 4-o-xylyl ) ethane ,  0.1025  g. 
o-Dichlorobenzene ,  89.3%;  pyridine,  4.7%;  ethanol,  6%. 
Theoretical  absorption  of  0.0990  N  iodine,  4.78  cc. 

Temp.,  80.0  ±0.1°, 


Time,  Min. 

0.1  R  iodine  absorbed,  cc. 

Z(Founi) 

-log(l  -  Z) 

1 

0.04 

0,0084 

0.0036 

2 

.15 

.0314 

.0138 

3 

.19 

.0407 

.0191 

4 

.25 

.0523 

.0234 

5 

.36 

.0753 

.0340 

6 

.u 

.0858 

.0390 

7 

.47 

.0983 

.0450 

8 

.57 

.1192 

.0551 

10 

.63 

.1318 

.0614 

Time  was  plotted  against  -log(l  -  Z)  and  the  best-fitting  straight 
line  drawn. 


Slope  of  line  =  (0.0644  -  0.0066)/(10-l)  «  0.006422/min. 

Rate  constant  *  k  *  2.3(0.006422)  •  0.01477/min. 

"Half -life"  period  -  ti-  =  2.3(0. 3010 )/0. 01477  =  46.9  minutes. 


43 


Summary 

Four  nap  pentaaryle thanes  were  prepared  and  their  rates 
of  dissociation  into  free  radicals  were  measured  by  the  iodine  re¬ 
action,  From  the  “half-life”  periods  obtained,  it  was  seen  that 
the  shifting  of  two  methyl  groups  to  different  locations  on  one 
benzene  ring  attached  to  the  diarylmethyl  carbon  resulted  in  vary¬ 
ing  degrees  of  influence  on  the  rate  of  dissociation  into  free 
radicals. 

The  short  “half -life"  period  of  1,1,1,2-tetrsphenyl- 
2 (3-o-oylyl)  ethane  substantiated  the  extreme  reactivity  of 
1,2,9, 10- te  trarae  thylanthrac  e  ne  . 
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